
Today, the man with erectile dysfunction (ED) has available to him a wider
variety of treatment options than ever before. For nearly all of these men,
a trial with a systemic agent such as sildenafil citrate will be the first option

chosen. If this fails or is contraindicated, other pharmacologic treatments such as
penile injections or intraurethral medication are available but are less attractive
than systemic therapy and may either prove ineffective or be rejected. This review
will discuss the remaining, nonpharmacologic treatments for ED. They include
sex therapy, the use of vacuum erection devices, penile prosthesis implantation,
and penile vascular surgery.

Nonpharmacologic Treatment of
Erectile Dysfunction
Drogo K. Montague, MD

Center for Sexual Function, Urological Institute, Cleveland Clinic Foundation, Cleveland, OH

Nonpharmacologic treatment for erectile dysfunction (ED) includes sex therapy,
the use of vacuum erection devices, penile prosthesis implantation, and penile
vascular surgery. Sex therapy is indicated for psychogenic ED and is at times a
useful adjunct for other treatments in men with mixed psychogenic and organic
ED. Vacuum erection devices produce usable erections in over 90% of patients;
however, patient and partner acceptability is an issue. Three-piece inflatable
penile prostheses create flaccidity and an erection that comes close to that which
occurs naturally. Penile vascular surgery has shown greatest efficacy in young
men with vasculogenic ED resulting from pelvic or perineal trauma. [Rev Urol.
2002;4(suppl 3):S9–S16]
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Sex Therapy
Psychogenic ED was defined by the
International Society of Sex and
Impotence Research as the persistent
inability to achieve or maintain an
erection satisfactory for sexual per-
formance, owing predominantly or
exclusively to psychologic or inter-
personal factors.1 This broad disorder
has been subdivided according to
immediate and remote causes.
Immediate causes include performance
anxiety, lack of adequate stimulation,
and relationship conflicts. Remote
causes include childhood sexual trau-
ma, sexual identity issues, unresolved
partner or parental attachments, and
religious or cultural taboos.2

Rosen2 divided treatment for 
psychogenic ED into four types:
anxiety reduction and desensitization,
cognitive-behavioral interventions,
increased sexual stimulation, and
interpersonal assertiveness and cou-
ples’ communication training. The first
treatment type, anxiety reduction
and desensitization, is designed to

reduce performance anxiety by avoid-
ing intercourse in early treatment and
using relaxation techniques. Instead
of having coitus, the couple follows
a series of nongenital, nondemand,
sensate focus exercises popularized
by Masters and Johnson.3 In cognitive-
behavorial interventions, attempts are
made to dispel sexual ignorance and
to overcome unrealistic sexual expec-
tations. Increased sexual stimulation
may be necessary for the older male
to attain and maintain an erection.
Giving the couple this knowledge and
providing permission for the partner to
become more actively involved is fre-
quently helpful. Finally, through inter-
personal and systemic interventions,

issues concerning status and domi-
nance, intimacy and trust, and loss of
sexual attraction may be addressed.2

Sex therapy by itself may resolve
psychogenic ED, and because psycho-
logical factors are so often significant
contributors to all types of organic ED,
some form of sex therapy or counsel-

ing as an adjunct to pharmacologic
and other nonpharmacologic treat-
ment for organic ED is often helpful.

Vacuum Erection Device Therapy
Vacuum erection devices have been
commercially available since the
early 1980s. These devices have three
components: a vacuum cylinder, a
pump to create a controlled negative
pressure or vacuum, and one or more
constriction rings (Figure 1). The
constriction ring or rings are placed
on the open end of the cylinder that
has been coated with a water-soluble
lubricant. The cylinder is then placed
over the penis that has also been
coated with the lubricant. The pump,

which may be either manually or
battery operated, depending on the
model, is activated to create a con-
trolled vacuum. Once engorgement
of the penile tissues is obtained, 1 or
more rings or tension bands are dis-
placed onto the base of the penis. The
cylinder is removed, and the man has
intercourse with the rings remaining
in place to maintain the erection-like
state. The rings should be left on for
no longer than 30 minutes.

Adverse Effects of Vacuum 
Erection Therapy
Nadig and colleagues4 studied the
effects of a vacuum erection device
in 35 men with organic ED. They
found that blood flow into the penis
decreased while the tension band was
in place, and the penile skin temper-
ature decreased by about 1 degree C.
Congestion and cyanosis of the extra
corporeal tissue occurred, and the
superficial veins were distended. This
resulted in a larger than normal
penile circumference (4.3 cm mean
with the device compared to 2.8 cm
mean with a normal erection). Penile
rigidity occurred only distal to the
band, and thus the erection pivoted
at the base of the penis.
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Instead of having coitus, the couple follows a series of nongenital, nondemand,
sensate focus exercises popularized by Masters and Johnson.

Figure 1. The Osbon ErecAid® EsteemTM system vacuum erection device. Image provided by Timm Medical
Technologies and reprinted with permission.



Levine and Dimitriou5 reported
that the ejaculate might be trapped
in the urethra until the constriction
band is released. Moreover, pain may

occur during the creation of the suc-
tion in 20% to 40 % of users of these
devices or on ejaculation in 3% to
16% of cases. Further, the authors
reported that petechiae or bruising
occurred in 25% to 39% and in 6%
to 20% of users, respectively.

Broderick and associates6 used
color duplex ultrasonography to
study the hemodynamics of vacuum
constriction erections. Their data
showed that the erectile state distal
to the vacuum constriction device
band was one of low arterial flow.

Satisfaction with Vacuum 
Erection Device
In spite of these adverse effects, an
erection-like state satisfactory for
coitus was obtained by over 90% of
users.5 Of those who elected to use
the device, 69% reported continued
use for at least 2 years.7 In a retro-

spective study, Sidi and colleagues8

looked at patient satisfaction with
the vacuum erection device in a group
of 100 men. The overall satisfaction

rate was 68%. Pain, inconvenience,
and premature loss of rigidity were
cited as reasons for dissatisfaction.

In another study of 50 men with
corporeal venous occlusive dysfunc-
tion, who were treated with a vacuum

erection device, 38 (76%) were able
to achieve a usable erection. Twenty-
eight patients (56%) were satisfied,
13 (26%) were dissatisfied, and in 
9 (18%) satisfaction with this method
of treatment could not be determined.9

Jarow and associates10 showed, how-
ever, that when 377 patients were
presented with a variety of treatment
options for ED, only 12% chose the
use of a vacuum erection device.

Contraindications to Vacuum
Erection Device Therapy
There are few contraindications to
this form of therapy. Patients on
anticoagulants and patients with
bleeding disorders may use these
devices with care.11 Major complica-
tions have been reported infrequently.
Penile skin necrosis,12,13 Peyronie’s
disease,12,14 and Fournier’s gangrene15

are among these.

Penile Prosthesis Implantation
Penile prostheses available now in
the United States are classified as
noninflatable (Table 1) and inflatable
(Table 2). Today, men who elect to
have a penile prosthesis implantation
generally have high expectations
and want to have a device that can
alternate between the flaccid and
erect states. Furthermore, they would
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Table 1
Noninflatable Penile Prostheses

Prosthesis Type Manufacturer

AMS Malleable 650 Malleable American Medical
Systems*

Mentor Malleable Malleable Mentor Urology†

Mentor Accuform Malleable Mentor Urology†

Dura-II Mechanical Timm Medical
Technologies‡

*American Medical Systems, Minnetonka, MN.
†Mentor, Santa Barbara, CA.
‡Timm Medical Technologies, Eden Prairie, MN.

Table 2
Inflatable Penile Prostheses

Prosthesis Type Girth Expansion Length Expansion

AMS Ambicor 2-piece No No

AMS 700CX 3-piece Yes No

AMS 700CXM 3-piece Yes No

AMS Ultrex 3-piece Yes Yes

Mentor Mark II 2-piece Yes No

Mentor Alpha-1 3-piece Yes No

Mentor Alpha-1 
3-piece Yes NoNarrow Back

Today, men who elect to have a penile prosthesis implantation generally
have high expectations and want to have a device that can alternate
between the flaccid and erect states.



like to have penile flaccidity and
erection as similar as possible to that
produced by natural mechanisms. Of
the available devices, the 3-piece
inflatable prostheses with their large-
volume abdominal-fluid reservoirs
come closest to achieving these goals.

Three-piece inflatable devices are
usually implanted under general or
regional anesthesia. Either an infra-
pubic or a penoscrotal approach can
be chosen. The penoscrotal approach
provides easier and more complete
corporeal exposure and avoids possible
damage, especially during revision
surgery, to the sensory dorsal nerves
of the penis. Furthermore, the scrotal
pump can be anchored with this
approach. The only disadvantage to
the penoscrotal approach is the need
to create by palpation a retropubic
space for the reservoir. 

Improvements in Penile Prostheses
The Mentor (Santa Barbara, CA) 
3-piece, Alpha-1 prosthesis provides
girth-expanding cylinders (Figure 2),
and American Medical Systems’
(AMS; Minnetonka, MN) 3-piece pros-

thesis provides both girth-expanding
(CX and CXM) and girth-plus-
length–expanding (Ultrex) cylinders
(Figure 3). After implantation, Ultrex
cylinders provide a mean of 2 cm
(range, 1 to 5 cm) of length expan-
sion.16 This feature, however, initially
proved to function at the expense of
increased mechanical failure of the
Ultrex cylinders (80%, 5-year
Kaplan-Meier survival).17 In 1993,
the Ultrex cylinder design was
changed, and the middle-layer fabric
was tightened. In a study comparing
the pre-1993 to the post-1993 Ultrex
cylinders, the 5-year actuarial survival,
free of mechanical failure, was shown
to have increased to 96%.18 Similar
studies using Kaplan-Meier survival
estimates, which took into account
differing lengths of time of follow-up,
showed that recent rates of overall
survival and survival free of mechan-
ical failure for all components of the
Mentor and AMS 3-piece prostheses
are high (Table 3 shows post-1993
rates) and are much improved com-
pared to early experiences with these
inflatable penile prostheses.19–21

Infected Penile Prostheses
Infection is the most significant
complication of penile prosthesis
implantation surgery, because almost
all infections involving the peripros-
thetic space require further surgery.
Infection rates for penile prosthesis

implantations have been reported to
vary from 0.6% to 16.7% for nonhy-
draulic implants, from 3.0% to 8.1%
for hydraulic implants, and from
0.8% to 8% for 3-piece inflatable
prostheses.22 In the past, all compo-
nents of infected prostheses were

removed, and penile prosthesis reim-
plantation was often delayed for 6
months to 1 year. During this time,
scar tissue, which resulted from
infection-related damage to corpore-
al smooth muscle, underwent matu-
ration and contraction, producing a
significantly smaller penis. During
subsequent prosthesis reimplanta-
tion, this mature scar tissue was very
difficult to dilate, and special
implant and reconstructive tech-
niques23,24 or the use of a small pros-
thesis25 were often necessary.

Salvage Procedure
To avoid these problems in prosthe-
sis reimplantation following removal
of an infected penile prosthesis,
Mulcahy26 popularized the salvage

procedure. In this procedure, all
components of the infected device
are removed, and then the implant
space is copiously irrigated with
saline, antibiotic solution, half-
strength hydrogen peroxide, and
half-strength povidone iodine solu-

Infection is the most significant complication of penile prosthesis
implantation surgery because almost all infections involving the
periprosthetic space require further surgery.

Figure 2. Mentor Alpha-1® 3-piece inflatable penile
prosthesis with Lock-outTM valve reservoir. Image
courtesy of Mentor and reprinted with permission.

Figure 3. AMS Ultrex 3-piece inflatable penile prosthe-
sis. Image courtesy of American Medical Systems and
reprinted with permission.
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tion. The open wound is then
prepped and draped, the surgical
team again scrubs and gowns, a new
instrument table is brought in, and
the new prosthesis is implanted.
Using this protocol, Mulcahy showed
in 55 cases that 82% of patients were
free of infection, with follow-up
ranging from 6 to 93 months.

Penile Prostheses for Erectile
Deformity
Men who have an erectile deformity
as the result of Peyronie’s disease
and who also have ED are often most
appropriately treated by penile pros-
thesis implantation and modeling of
the penis over inflated cylinders.27

When the AMS 3-piece inflatable
prosthesis is chosen for these patients,
CX rather than Ultrex cylinders should
be selected because CX cylinders pro-
duce better straightening of the penis.28

Satisfaction with Penile Prostheses
Numerous studies have been conduct-
ed on patient and partner satisfaction
following penile prosthesis implanta-
tion. In a study of 272 recipients of
an AMS 700 inflatable prosthesis,
McLaren and Barrett29 reported 83%
satisfaction among the recipients,
and 70% satisfaction among their
partners. Holloway and Farah30

reported 85% patient and 76% partner
satisfaction among 145 AMS Ultrex

recipients. Goldstein and colleagues31

found that 82% of 96 recipients of a
Mentor Alpha-1 prosthesis experi-
enced fulfilled expectations with this
method of treatment for their 
ED. Beutler and associates32 found
increased satisfaction in men using an
inflatable penile prosthesis compared
to men receiving a noninflatable
penile prosthesis, and, in another
study, they showed greater satisfac-
tion among female partners of men
using inflatable compared to nonin-
flatable prostheses.33 

In a prospective study of 35 penile
prosthesis recipients, a 13-item psy-
chosexual questionnaire, with items
rated on a 1 to 5 scale, was adminis-
tered preoperatively and at 3, 6, and 12
months postoperatively. Significant
improvements in erectile ability and
libido were noted, along with
increased satisfaction with sexual
life. There were decreases in feelings
of sadness, anxiety, anger, frustration,
and embarrassment related to sexual
activity. These changes, relative to pre-
operative levels, peaked at 6 months
and were maintained at 1 year.34 In
another study comparing 115 men on
penile injection therapy to 65 recipi-
ents of a penile prosthesis, after a
mean follow-up of 5.4 years, 70% of
the penile prosthesis recipients were
still sexually active compared to only
41% of the penile injection patients.35

Penile Vascular Surgery
Penile vascular surgery consists of
penile venous ligation procedures
and penile arterial revascularization.
Penile venous ligation to treat ED
was originally proposed by Duncan36

in 1895 and performed by Wooten37

in 1902 and by Lydston38 in 1908.
These investigators obtained short-
lived improvement in erectile function;
however, the procedures described by
them did not achieve widespread
popularity. Venous ligation again
emerged in the mid 1980s,39 and for
a period of time enjoyed reasonable
popularity. In an effort to increase
success rates and to make success
more durable, the initial procedure of
dorsal vein ligation was expanded to
include circumflex and emissary
vein ligation as well as cavernous
and crural vein ligation.40 Crural lig-
ation has also been proposed in an
attempt to broaden success with
these procedures.41 Bookstein and
Lurie42 proposed venous embolization
as an alternative to surgery.

In carefully selected patients,
short-term success rates were shown
to be reasonable (23%–80% within
the first year), but decreased with 
a longer follow-up (14%–77% after 
1 year).43 Late failures are probably
caused by the development of collater-
al veins and because venous ligation
does not address the primary source
of this disorder, which is probably
associated with corporeal smooth-
muscle disease and neurotransmitter
deficiencies.44 Also, diagnostic tech-
niques for patients who might benefit
from these procedures have not been
validated with normal controls, and
many men who have psychogenic 
ED may have had these operations
performed.45,46 The popularity of penile
venous ligation procedures as treat-
ment for ED has fallen off signifi-
cantly during the past several years,
primarily as the result of poor long-
term results.43

Table 3
Five-Year Kaplan-Meier Survival Rates for

3-Piece Inflatable Prostheses from 1993 to the Present

Study Overall Freedom from
Mechanical Failure

Goldstein et al19* 75%‡

Milbank et al20† 78% 94%

Wilson et al21* 93%

*Mentor Alpha-1 inflatable penile prosthesis.
†AMS Ultrex inflatable penile prosthesis.
‡Three-year Kaplan-Meier survival rate.
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Penile Arterial Revascularization
Vascular disease is common as men
age and is probably the leading
cause of organic ED in men over the
age of 50. The popularity of coronary
arterial bypass grafts in the treatment
of coronary artery disease suggested
that similar procedures might be suc-

cessful in restoring normal erectile
function in men suffering from vas-
culogenic ED. Michal and colleagues47

reported the first penile arterial
revascularization, in 1973, with
direct anastomosis of the inferior
epigastric artery to the corpus caver-
nosum. This procedure produced
short-term success; however, fibrosis
of the cavernous smooth muscle
exposed to direct arterial inflow
occurred and led to bypass thrombosis.

In what became known as the
Michal II procedure, the inferior epi-
gastric artery was anastomosed in an
end-to-side fashion to the dorsal
penile artery that, like the cavernous
artery, arises from the common

penile artery and shares numerous
collaterals.48 Virag and associates49

described a procedure in which the
inferior epigastric artery was anasto-
mosed directly to the deep dorsal
vein. Numerous other investigators
have described various modifications
of these basic procedures.

Controversy still exists regarding
the long-term effectiveness of penile
arterial revascularization procedures
in their various forms, and they do
not have widespread acceptance,
especially in the United States. In 
his presidential address to the
International Society of Impotence
Research in 1990, Sharlip50 expressed
his skepticism concerning some claims
from proponents of this surgery. After
doing a meta-analysis of literature
reports, the American Urological
Association’s Clinical Guidelines
Panel, in 1996, declared that neither
arterial nor venous surgery for ED was
justified to be performed routinely,
especially in older patients with vas-

cular disease.51 Arterial revascular-
ization procedures appear to have
the greatest potential efficacy in
young men with ED secondary to
arterial injury from pelvic or per-
ineal trauma.44,52
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Main Points
• Currently available options to treat men with erectile dysfunction (ED) range widely from pharmacologic treatments such as oral

agents, penile injections, and intraurethral medications to nonpharmacologic treatments including sex therapy, vacuum erection
devices, penile prosthesis implantation, and penile vascular surgery.

• Sex therapy may alone resolve psychogenic ED and can be an important adjunct to other treatments for ED of organic and mixed
organic/psychogenic origin. 

• Vacuum erection devices may have significant adverse effects and questionable acceptability, but studies show that they result
in erections satisfactory for intercourse in a high percentage of users.

• Penile prostheses are available in inflatable and noninflatable forms that approximate the action of a naturally occurring erection.
Three-piece inflatable penile prostheses have improved significantly in design over the last decade, and studies have reported high
rates of satisfaction among users and their partners.

• Penile vascular surgery has shown reasonable success within the first year after surgery, but late failures occur. The procedure
appears to be most efficacious in young men with ED resulting from pelvic or perineal trauma. 

Controversy still exists regarding the long-term effectiveness of penile
arterial revascularization procedures in their various forms, and they do
not have widespread acceptance, especially in the United States.
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Summary of Discussion Following
Dr. Montague’s Presentation
Dr. Montague summarized the main
points of his presentation as follows:
First, obviously systemic therapy has
revolutionized the treatment of ED. But
there will always be a need for non-
pharmacologic treatments. Systemic
therapy is never going to work in
every individual. Second, sex therapy
is important. It is still the treatment
of choice for some people with pure
psychogenic ED (and that does exist),
and sex therapy has a potential to

cure that. In addition, sex therapy
can be a useful adjunct to almost any
other treatment for ED, since even
organic dysfunction is almost always
accompanied by a psychogenic com-
ponent. Finally, penile prosthesis
surgery is probably the only treat-
ment that is potentially applicable to
any man. In men with fibrosis of the
corpora it is difficult to implant, but
it can be done. For these men it is the
only treatment available. 

Dr. McCullough mentioned his
observation that as a mentor for

family practice residents in sexual
health, many young family practi-
tioners, who trained after the
approval of sildenafil, think that
injection therapy, MUSE®, and penile
implants are archaic and are of his-
torical interest only. Urologists have
to make sure, McCullough continued,
that the message is sent that there are
good nonpharmacologic treatments
for ED, and that there are urologists
and mental health professionals who
treat ED quite satisfactorily with these
other treatments. There has to be an
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on-going education process for the
PCPs who are now diagnosing and
treating over two thirds of ED
patients. Unless this education
occurs, urologists may find them-
selves doing no implants. 

Dr. Carson agreed, pointing out
that not only do the other treatments
exist, but the satisfaction rates with
them are high. There are a number of
studies now that have looked at
prosthesis outcomes very carefully,
Carson said, and the outcomes are
very good. Mechanically, no longer
are we replacing 30% of these pros-
theses in 2 or 3 years. Many of them
are lasting a decade and a half or
longer. The patient and the partner
satisfaction rates are well in excess
of 80%, and in many studies in
excess of 90%. 

Dr. Steers asked whether most of
the implants today were replace-
ments of failed devices. Montague
replied that there has been an
increase in de novo implants but the
replacement of failing devices is very

successful. If a patient has been satis-
fied with an implant and it has failed
mechanically, he said, he almost
never does a revision. “Instead, we
remove the entire failed device and
replace it with a brand new one."
Another issue with revision surgery
is that infection rates have been high-
er than with primary implantation.
Montague believes that infection rates
can be lower if the urologist removes
the entire original device and copi-
ously irrigates all the prosthesis
compartments, much like Mulcahy
described with infected prostheses. 

Dr. Sadovsky returned to the issue
of physicians thinking that prosthesis
implantation is an archaic technique.
That belief is in part due to the fact
that physicians do not know who is
doing implantation and who does it
well. “We just don’t know," he said,
“who is doing it in our region." It
might be interesting for the AUA,
some other organization, or some
publication to make a list of the cen-
ters that are proficient in implant sur-

gery and make that information more
widely available, so the physicians
know to whom to send their patients.

Dr. Montague brought up the sub-
ject of ED as a progressive disorder.
Even those patients who initially
respond to oral therapy may, as their
disease progresses, eventually stop
responding. “In other presentations
and publications," Montague said, “I
draw the parallel between the treat-
ment of osteoarthritis and the treat-
ment of ED." There are millions of
patients on NSAIDs to treat an age-
related disorder, osteoarthritis. Many
patients are satisfactorily managed
with oral NSAID therapy for a period
of time, and then their disease pro-
gresses. When that occurs, they move
on to joint injections, arthroscopic
surgery, and then, finally, hip or knee
implant surgery, for their debilitating
but not life-threatening osteoarthritis.
“Implant surgery for osteoarthritis is
a big business in the United States,"
he concluded. “I think that this is
what’s going to happen with ED." 


